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ABSTRACT 


fitle of Thesia: sn Investigation of the Radiating Characteristics 
of an Electromagnetic Horn 


Hames of Authors: Earl de Rohan Berondes, LIJG, US 
Robert Karl Lee, LTJG, USN 


Subudtted to the Department of Naval Architecture and Harine Engineering 
on 16 May, 1952 ta partial fuifillment of the requiresents for the degree 
of Hdaval Engineer, 


The radiating and impedance characteristics of a laterally ra~ 
dilating X vand electromagnetic horn were investigated. The horn hes ea 
flare angle of 90 degraes in the 2 plane and at a radius of 37.8 cu. it 
4s bent through 90degrees to form an aperture in the shape of a quad- 
rantel are. The aperture has 6 chord length of 16.7 A at 2% = 3.2 on, 


Experinentsal results verifled computed field patterne and in- 
diested thet s constent phase was obteined across the aperture. IJliumina- 
tion was considered to be the distribution of the 4) 9 mode across the 


aperture. 


The pattern of the uncesipensated horn is ellintically polarized. 
In the H plane the = plane polarisation has @ beam width of 4.3 degrees 
and first side lobe level is 21 db. down at 4 = 3.4 om. The H plane po~ 
larization gives two main lobea 14 db, down from the BE plane polarization. 


Impedance measurements indicate reflection eoefficients, due to 
reflection at the throat and at the aperture of the horn. Reflection at 
the 90 degree bend appears to be negligible. Representative values are 
k = 0.0726, [, = 0.159. Sheuld reflection at the throat be eliminated 
by a curved transition a VSWR = 1.38 over a bend of 200 acs. is obtain- 
ebdle, 


To eliminate the cross polarization due to H plene polerisation 
Various schemea were tried, £ plane flere was added. This combined with 
@ paralled plate filter at the aperture reduced tho cross polarluation 
20 db, VSWR less than 150 over a 675 mes. band, with elimination of the 
throat reflection, were obteined. — 


Other schemes tried included adding « parallel plane filter 
with no flare and using EF plens flare and a parailel wire filter. Cross 
polarization was reduced in all cases. 


It 1s concluded that this type horn provides ea constant phase 
4llumination ecross a wide aperture resulting in a narrow beam with rea- 
sonebly low side lobes. The cross components of polarization inherent 
in the design may be eliminated br mode fliters. The impedance charac- 
teristics way be improved by designing for mutusl cancellation of re~ 
flections in the frequency band desired, 
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OYMBOLS 
The redius of the wean clreular bend on the laterally radlating 
horn, type *A." 
The percentage area covered by a parallel wire screen, 
(oo X24) 
A coefficient in the fourier~Bessel series method of field com- 
putetions. It 1s defined by Formala (A-52). 
The short dimension of the inner surface of a rectengular wave- 
guide, 
The immer bend radius of the immer surface of the type "A" hora. 
A coefficient in the Pourler-Bessel series method of fleld com- 
mutations, It 4s defined by Formula (A-55). 
The maximum magnitude ef the E 


4 
The cuter bend radius of the inner surface of the type "A" hora, 


ot harmonic et the aperture. 


A coefficlent in the Fourler-Bessel series method of field cen- 
putetions, It is defined by formule (A-58). 

The dieneter of a wire in the parallel wire filter. 

The distance ulong the mean are of the bend of the tyrye "A" 
horn. 

A coefficient in the Fourler-Bessel series method of field com- 
putatione. It is defined by Formula (A-59). 

The shorter dimension of the inner surface of the waveguide 
Electric field strength 

ihe x component of the electric field atrength. 

The y component of electric fleid strength 

The longer dimension of the inner surface of a rectanguler weve- 


guide, 
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The E£ plane field pattern of an £ plane flared sectoral horn 
determined by theory or by experinentsi investigation 

4 Hankel funstion, 

Yr. 

The free space wave propagation constant. 

A design censtent used in the design of the tyne "A" hora. 

A sabstitute variable defined by Equation (42) to facilitete 
sigebraic manipulation. | 

Area excluded from the E plane arrey facter integration, 

Any integral numerical value, 

Area included im the E plane array factor integration, 

A diffraction integral defined by Equation (A-4). 

& diffrection integral defined by Equation (A-5). 

A point of field measurement, 

The distance from the origin of the coordinates to a point om 


the radiating aperture. 


The radial distance from the origin of the coerdinates to the 


inner redius of the aperture. 
The radial distance from the origin of the coordinates to the 
outer radius of the aperture, 
The radlal aperture distance 
The distance from the origin of the coordinates to e point ef 
field measurenent, 

Refers te the aperture surface. 

The dimension of the parallel plane filiter gseetions in the 


direction of wave propagation. 
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ihe power transmitted through u filter grating in per cent, 
the ceater to center svacing of parallel wires or parallel 
planes, 

The coordinate direction in the © plane and normal to the 

h plane, 

The coordinate direction in the © plane and on the plane which 
conteins the aperture surface, 

The aperture distance in the x! direction 

The aperture distance in the x directicn, 

The coordinate direction in the H plane, normal to the E plane 
end Gefined by Figure il. 

Helf the distance along the cord of the arc of the aperture. 
(Figure IV). 

The coordinate direction in the EH plane, on the plane which 
contains the aperture surface, anc defined by Pigure IV, 

The coordinate direction normal to both x and y, and forms a 
right handed orthogonal coordinate system of sequence, (x,y,2). 
The attenuation constant. 

The angle of the major axis of elliptical polarization from the 
§ direction. 

The reflection coefficient, 

fn incremental quantity. 

A differential quentity 

The base of natural logarithns, 

The polar angle from the 2 axis. 

Free space wavelength, 


The permeability of free space. 
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3.1416. 

The length of a sectorai born. 

Sumnation. 

The longitudinal angle which has the x axis as the origin. 
The longitudinal angie for points in the xy or aperture plane. 
The total flare angle of either type "A" or type "B" horns, 


ay (frequency) 








I INTRODUCTION 

Concurrent with the practical employment of microwave frequen- 
cies, extensive theoretical and experimental work has been accomplished 
in the field of using electromagnetic horns as externas, The theo~ 
retical computations indicate that narrow beam sectoral horns may be 
constructed by increasing the flare angle and the radius. In the thee- 
retical part of this work the aperture diffraction method of computing | 
radiation fields is currently the most practical procedure, (2) (2) (3) 
If it were possible to determine the current distribution on the inte- 
rior end exterior surfaces of the horn, the fields could be computed 
directly; but since this is not known, the aperture diffraction field 
method must be employed. However, when the computed radiation pat- 
terns of sectoral horns are compared with the radiation patterns ob- 
tained experimentally, there is only general agreement. There are 
three reasons for the disagreement in detail in the field patterns: 

1. The theory neglects the current on the outside walls of 
the horn. 

2. The theory neglects the higher mode fields at the aper- 
ture. 

3. Phase error effects have been neglected in the field 
computations. The aperturs was considered to be a con- 
ster.t. phase radiating surface in a plane. 

Phase error effects cause the main loba of a horn of con- 

stant flare angle t6 undergo changes in width and structure as the horn 
length is inereasea, ‘4 (5) On the basis of experinents, optinuz dimen~ 


sions for E plane and H plane electromagnetic horne have been deternined. 
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cys 
See Figure virr, 6° = 
In order to obtain a narrow beam horn antenna with moderate 
side lobes, it is necessary to resort to excessively long radius see~ 
toral horns of small flare angles or to employ dielectric lenses or 
metal plate lenses, However, cielectric lenses complicete the daped- 
er problems and cause power less, *”) and metel plate lenses 


(8) 


are frequency sensitive devices. Taus, in order to obtain a narrow 
bean electromagnetic horn with low side lobes it is necessary to com- 
promise one of the three advantages of horn antennas; small theoretical 
size, minor matching problems with low power ioss, and wide band opere~- 
tion, 

It is the object of this thesis to build an antenna with a 
constant phase rediating surface, experimentally and theoretically de- 
termine its radiating characteristics, experimentally determine its in- 
pedance characteristics, investigate methods of pattern improvecent, 
and present a design procedure for other investigators to follow. The 
horn will be designed to be as insensitive to frequency changes as is 
possible and to suppress higher mode fields before they arrive at the 
aperture, ) 

This could be accomplished by employing an antenna of design 
type "4," Figure I or design type "5B" Figure ¥. These antennas employ 
the optical principle that electromagnetic waves emanating from a 
point source have a constant phase front which is determined by equal 
geodesic distances (or mean path distances) measured in a radial di- 
rection from the point source. 

It is apparent that the radiating surface is no longer rec- 


tangular in shape as in the cease of the rectangular guide sectoral 


Al oe 
Abe) ae Ch SO eoTes 4 ssedde cd tebe of 

‘ee eave gett qieVieee or Omeeh Cees el OF worl ane 
el 

~ wey _ , *- = = 
2 eeee . Ts | — 


- 


we poet as 
a 


= * ———— some <o, 










_bLIY eweg’t onc 
























° ae 
- 









= 









a ae 
nll ila net ; 

co ay OAL betas Apampat 
arenes: 
Amis ; 

= -— 
& os m 

















ore ate gael sree ore ‘ 
‘veal 429 sheen, Aplent 6 haunees 
Withee ALLL Ader Tetytt eeraguew oF Ans 
HE samt me tyke of tmsthingmuons oy Ales aM 
ers ee epee a 2D Greg "AP 
» ip Eanene itt tao teen tae “ 
Oe 
fd eaten 2 ak Eereeeee Weeconee ih ete eee 25) ecomerelt 2 
-—< « = ee ea 
‘Wreld of WP cha pill Aber wet Ball tama 06 71 - 
Deteewe shay ~ayABPWen wat Ie Boe tty a st «mee i Lee 


























; 














i 


horn, but is now a circular arc. This introduces difficulties in solv- 
ing the aperture diffraction integrals and handling the cross components 
(H plane components) of polarization. In the process of solving the 

phase difficulty end minimizing surface current effects and higher mode 


field effects, the problem of cross polarization has been created. 
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Development of Theoretical rield Pattern Expressions 
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the aperture of the laterally radiating electromagnetic horn 
is formed along the arc of a circle, An assumption wag made that the 
field will vary sinusoidally over the arc of the aperture and that the 
fields are polarized in the radial direction. It was now possible to 
solve the aperture diffraction integrals to obtain the fields in space, 
The array factor describing the aperture geometry and illwaination could 
be easily integrated for angles of flare of the torn =, man integer. A 
change of variable was made which had the effect of considering the 
straight line equivalent of the aperture. The results for the horn de- 


sign in Figure V are: 





Sin (ky, Sin Q) Cos (ky. Sin 9) 
E a+ 0,00728 ; ~ 0,038 ne, samen (3) 
Sin” @ Sin “o 


An asswaption of a linear equivalent source in the H plane was 
made to obtain en approximate field pattern for the B plane polarized, 
H plene field pattern for any velue of r,_ or Bo If the linear equive- 
lent source in the H plane is assumed to have an E plane polarized field 
of ; 
oe ... 


= Mh... (x 
oa” B, Cos 2, Cas ay, (2) 


E 
which would be the approximate fields resulting when the fields in the 
aperture were projected inte the HE plane, (See Figure IV tor the defi- 


nition of geometrical termsa,), the resulting H plane field pattern was 
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* 
See Appendix, Section B. 





deteruined to be: 
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Hewever, the diffraction integrals may be integrated directly if the 
geometry of Figure II is employed and the simplifying essumption is made 
that (r, - r.) is a great deal less than the average radius of the aper- 


ture, The assumptions of the fields at the aperture are: 
-_ mg! it 
B.4, = By Cos g, Cos 9 (4) 


At 
B,, = B, Cos mf Sin g! (5) 


o 


resuiting in the field patterns in space being given oyr* 


jxB, dor ,ar g Ike 
Eg a. meme (1+ Cos 9) [cos g [ a(0,8,) 5 (er, Sin 90) + 


J, (xr, Sin 6) a(n,J,) Bla,A)] -s(sin 9 (0,9) 


M8 


1 


ora) 
J Cer, Sin Q) + 2 J (er, Sin 8) c(n,Z) vo (6) 


n= 
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~dB gsr oY fos ofa 
Bg = ek 0+ Cos ofsin 9fs(0,8,) J, (ar, Stn 0) + 


+ 2 F(er, in 0) alayg,) Bla,a}+ 4 cos 6{c(0,8,) 


n=] 


oO 
J (er, Sin Q) + oa J fery Sin 9) C(a,f,) ates} (7) 


Foremlea (3) waa derived on the basis that the Z plane polarized 
H plane field pattern is primarily a function of the chord of the are of 
the aperture, I+ was possible to reason that the field pattern is de- 
pendent on a product of 2 fumetion of the flare angle and « function of 
the redius. Formules (7) and (6) illustrate that the pattern is a sum- 
mation of an infinite series of such products, This permits an infinite 


munber of combinations of B, and r, to be employed te obtain a given 


“h 
beamwidth, 
The Desien and Fabrication of the Horn 

To obtain en aperture of given dimengions two paraneters were 
available, the radius of the sectoral section and the flere angle, 
Kinet; degrees was arbitrarily chosen as the initiel angle of fiare 
since this presented an aperture exhibiting measurable H plane polarise- 
tion end gave a relatively wide aperture for a fixed sectoral radius, 
fleo, reducing the flere angle would be relatively easy should this be 
desired, A sectoral radius was chosen to give a chord length of 16.7 A 
(for \ = 3.2 em.) in order to investigate the possibilities of obtain~- 
ing 4 constant phese across a wide sperture. The ninety deyree bend at 
the end of the sectoral section was designed from empirical data con- 


tained in ADRDE Research Report No, 129.99) the laterally rediating 
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horn type "B" (Figure ¥) was fabricated by the Coppersmith Shop ef the 
Bostou Naval Shipyard under close supervision by the thesis mexbers, 
Fieid Pattern Messurenent Procedures 

Field pattera measurements were taken for five conditions of 
horn operation. 

lL. The uncompensated horn as described ty Pigure V. 

2. The horn with a parallel plane fiiter located 0.316 en, 

from the aperture. 

3, The horn with a flare consisting cf 0.318 cu. brass rod 

5.6 om. long separated br 0.635 om. on centers in the 
H plane and bent to form a flare of 40° in the E plane.” 
(80° total sector angle) 

4. The horn with 40° E plene flare and a parullel plane 

filter located 0.079 om. from the aperture. 

5, The horn with 40° EB plane flare and a parallel wire filter 

leeated 0,079 cm. from the aperture. 

The field patterns were measured on on audio automatic entenna 
pattern recorder similar to thet described in Reference (34). The pon 
positioning system is given in block dlegrem form in Figure VI and the 
overall test setup is given in Figure VII. The X band radar tranenit- 
ter could tranenit elther HE plane polarized or E plane polarized elec-~ 
tromagnetic energy. H plane end E plane patterns were taken by shift~ 
ing either tha polarization of the transaitter or the physical posi-~ 
tion cf the horn antenna, The four principal patterns were teken for 


horn conditions 1, 2, 3, 4, but only the H plane polarized, i plane 








ne 5OC Photograph, Figure . 
See Figures X, 
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field pattern wae teken for Condition 5. The frequency ef the transnit— 
ter was varied in Condition 1 in order to determine the sensitivity of 
the pattern to frecueney changes. 
Evaluation of the B Plane Polarised Z Plane Eield Petters Whea E Plese 
Flore ls Added to the dorm 

It was important to be able to make un engineering ostinate 





of the change in the field pattern when E plane flare was added to the 
horn, The H plane polarized & plane fleid pattern of an E plane sec~ 
toral horn determined either theoretically #5 (96) or cupertemntatg? # 
was designated G(9). The aperture was then conmaidered te be a contimu- 
ous array of infinitesimal E plene sectoral horns, The arruy factor 
for this continuous array would be E gs? ) in Equetion (6) evaluated 
for § = 0°, The resulting E plane pattern then became: 

By 2 = G(@) a (@,0) (8) 

The resulting field pettern may be plotted by adding decibel 
Values, A comparison plet of the computed horn field pattern obtained 
in this manner with the measured horn field pattern was plotted on 
Figure XXXL. 

Voltage standing wave ratio measurexents were zade for the 





various horn designs using a stendard slotted section of wave guide, en 
amplitude modulated signal, a square iaw crystal detector, and an ECA 
L6HA amplifier to measure the output. A 2K39 klystron furnished power, 
The prebe depth was adjusted for minimum penetration and tuned for euch 
frequency . 

Measurenents were made of the VSWR im the guide. Pesitione 


of the minima were determined for the horn. terminated in space, with ea 
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short circuit at the aperture, and with a short circuit at the throat, 














III RASULTS 
The Principal Fieic Patverns of the Letergisy Radiating Electromagnetic 
with No Flare or Filters Added 

The result: of the field pattern tests of the horn are given 
ty the solid curves of Figures KII, XIII, XIV, amd XV. The © plane po- 
larized K plane field vattern reveals that a 4.33° half power bean with 
~20 db. side lobes was achieved, but aiso that there is ecme phase dis- 
tortion near the right side lobe and winor agymetries in the pattern. 
The H plane polarised E plans pattern, which theoretically should be 
zero for all values of 0, shows negligible values of field strength. 
The E plane poisrized, i plane fleid pattern gives a aa® half power beam 
width. The “side lohes"® are -7.8 db. and a generally regged field pat- 
tern for values of @ sway from the “main lobe" is obtained. In the 
K plane polerized i plene fleid pattern the two major lebee are slightly 
sayuetrical and the rest of the pattern is highly asymetricel in that 
the third side lobe is missing on one side. This "cross component" of 
polarization hae a ptak vaiue of between -10 db, end -12 dh. in accord- 
ance with minor deflections of the aperture of the horn, 
The Results of Varying Frequency on the E Plane Polarised |i Piene Field 
Pattern 

Figure ZVI indicates a slight increase in half power beamwidth 
with frequency and a retention in the peak power density of the first 
gide lobes together with considerable distortion of the field pattern be- 


yond the first side lobe. However, the general symuetry of the main and 


side lobes is maintsined. 
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The computed values determined br the linear equuivaleat cource 
wethed ané the Fourler-Begsel series method are plotted on Figures KVIZ 
and XVIII. Formaia (1) gives close corelistion with measured H plane 
field patterns but it is not included in the results section. There ia 
excellent agreement between the experiaentally determined and theorsti-: 
cally determined values of the half power points of the main love in 
the case of ths EB plane pelarised fleld pattern. In the case of the 
H plane polarized Pleld patiern the peak power points end the half power 
points of the two main lebeg aie in agreenent with the computed values. 
In the case of the E plane polarized flelds, the Fourier-Dessel series 
gives a good indicaticn of the angle at which the first aide lebe will 
appear, The linear equivalent soures method gives a better approxime- 
tion of the magnitude of the aide lobes, 
& Comparison of the Priuciva Field Patterny of the Luterslly Radigting 
Electromagnetic Horm with and without a Parallel Plane Filter 

The parellel plane filter performed its function of eliminating 





the H plane polarization Drom the radiation fleld, A less of peak power 
density of 1.3 db. together with a distortion of the side lobe pattern 
wees experienced for the h plane pattern. The E plane pattern was aise 
distorted in the side icbes, but there wes no change in hal? pewer beam 
width and only a slight change in ths relative peak power density of 
the "side lobes." 
The Results of Adding e 40° E Plane Flere to the Horn 

Figures XIX, XX, XAI1, and XXIT show the results of adding a 
ko” & plane flare to the horn. Minor alterations to the negligibis 
EH plane polarized 2 plane field pattern results. The symmetry cf the 


2 plane polarized H plane pattern was improved somewnat and minor 
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alterations oecurred in the main lobes. Im the E plane polarised 
H plana field pattern a slight Increase in half power bees width oe- 
curred when the flere was added and the peak power density of the firet 
side Lobes droppec to -22.2 db, A significant change cccurred in the 
B piene polarized = plans flielc pattern, The hall pewer bemawidth in- 
creased frou 24° to 31°; the cverali bear pattern is narrower; and the 
pide lobes are nonexistent. "Side lobes” at angles less than 30" end 
at angles more than + 30° have been thoroughly suppressed, 
The Bffect of Adding a Parallel Plane Milter to the ore with 40° 
& Elene Diare 

Yigares “XTII, xATY, INV, and XXVI demonstrate the results of 
adding & parallel plane filter at the aperture of the horn with a ig 
E plane flare. A minor change fa the negligible H plane polarized 
BE plane field pattern resulted. The parallel plane filter reduced the 
“crogs component” fleld pattern 19 db, causing minor variations in the 
E plane polarized @ plane field pattern. For the E plane polarized 
fi plane field pettern the first side lebes eccur at -27.8 db.3 the sec~ 
ond wide lebes have « peak velue of -24,5 db. and are eaymmctrical, A 
slight increases of helf power beam width from ded” to 4e7° also occurred, 
The Effeot of Adding # Parallel Wire Filter to the Hora with 2 Plane 
Flare 





Approximately a -LO db, attenuation was achieved in reducing 
the “cross component” of polarization Wr using the pareliel wire fiiter. 
See Figure ALVIT. 7 
pon of She Coumited aud Meesured Field Pavteras ia tus 2 Plane 


Figure XXX 1s s correlation cf computed and measured values of 





the E plane polarized, E plane field rattera and includes a graph of the 
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computed values of phase shift encountered when the origin of the flared 
section is employed as the origin of the coordinates. The slape of the 
phase shift curve indicates that the center of radiation ef this par 
tioulsr horn is 32.6 ou. from the origin of the coordinates and on the 
x axis. 

Figure <xX%I is a correlation of computed and measured values 
for the E plane pettern of the horm with 40° E plane flare, 

Figure XXVIII is a plet of the theoretical ellipticity of the 





H plane field pattern. Alsc included is a plot of the measured magni- 
tudes with theoretical phase veliues for positive values of b, os 8). 
Figure XKIX is a plot of the theoretical ellinticity and measured nag- 
nitudes with theoretical phase values for negative values of 9. - = ff). 
The megnitudes of the power densities in there elliptically polari: 

weves is given adjacent to the plotted points. These graphs fuaciude only 
the fields in the main lobe loceted on the H plane, The derivation of 
the use of the Smith Chart for this purpose is given in Reference (13).” 

The results of VSWR tests made for the five hern conditions 


are shown on Smith cherts. See Figures EXIT through XEXVIT. 
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* See Appendix, Section B for detelled interpretation. 
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IV DISCUSSION OF RESULTS 
Sveluation of the accuracy of Fabrication of the Leterally Zadiating 


Horn 





The aeaymmetries in the side lobe patterns in the H plane 
fields indicate that highly refined mechanical symmetry did not exist. 
Aithough minor phase distortions were present in all of the E plane 
patterns, correlation may be achieved between an ideally sonstructed 
horn and the horn employed. Therefors, the fabrication accuracy of the 
horn ls considered adequate for the purpose of this thesis. Improve- 
mont in performance might be achieved by slectroforming the horn or com- 
structing the horn of aluminum alloy with an improved horn bend shown in 
Figure XI in order to improve structural rigidity. 

A further measure of the accuracy of fabrication may be made 
by considering the B plane polarized, E plane field pattern in Pigure rill. 
The theoretical horn would give a sero field pattern for all values of 0, 
and in the physical horn all field strengths are negligible. Therefore, 
a high degree of symmetry was present in the horn and the horn wae prop- 
erly oriented with respect to the incident wave polarization for the field 


pattern tests. 





m of the Kethods of Computing Field Patterns 

the change of variable method employed to obtain the H plane 
field pattern for the # plene polarized wave 19 highly accurate for ob- 
taining fleld patteras of a sectoral horn that has a 90° # plene flare 
at the throat, The expression is easy to evaluate. However, it ta 
Limited to ~ sectors. In general design work Formula (3) is recommended 
as a first approximation to the field pettern. Formula (3) has the ad- 


vantage that eny velue of flare angie or radius may be enployed to give 
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the designer a first estimate of physieal Size, Figure XVII indicates 
the linear equivalent source method gives accurate values for the haif 
power beam angles and gcod results on the magnitudes and angles of the 
first side lobes, 

The derivation of the Fourier-Bessel series sethod involved 
glightly more refined approximations. It gives the field pattern for 
all values of Ry %, and @, and it showld prove to be the most useful 
method of computing the fleids, Ags & result the calculated ellipticity 
of a given design of laterally radiating horn may be plotted wy Saith 
ohart nethods, 2) The Fourler-Bessai series gives accurate results 
Yor the half power beam width and the angle of the first side lobe ta- 
gether with eppreximate values for the magnitude of the first side lobe 
end angle of the aecond side lobe, 

Formulas (6) end (7) appear to be formidable infinite series 
of Bessel functions, but a study of the coefficients given in formulas 
(A-52), (A-55), 4-58) and (A-59) reveals that the values of A(n,f_) end 
6(n,¥,) decrease very rapidly with increasing values of a if g is a 
moderately large value. For this eatenna the computations did mot in- 
yolve Bessel functions of order greater than 6, In addition, no single 
fieid computation involved mere than 4 orders of Bessel functions. The 
references \~°) (1.2) had sufficient values of the ergunents of the Bessel 
functions and “= tabulated that all sectors of the 1! plane field pat- 
terns that were of interest couic be plotted. The i plane polarised, 

& plane field pattern becomes sero both through symmetry concsidersticns 
and through the coefficients of the Begsel functions being all sere, 

in the E plane polarized, E plane field pattern a sector af 
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oaly 40° sould be plotted sines the Harvard University series ef tabulated 
velues of Bessel functione did not iist ergwaents greater than 20, When 
®& more complete set of Fessei function values is published, it will be 
possible to plot the © plane field patterns through a wider range of & 
values. About five houre of concentrated effort ia roquired to evaluate 
one field pettern. 
The Effectiveness of the Parallel Plane Filter 

That the parallel plane filter employed was overdesigned is 
evidenced by the absence of amy H plane polarized radiation in Figure iV, 
It was designed thie way in order to determine the «ffect on horn inzed- 
ante when the cress couponeats of polerisation were completely eliminated, 
Because the elimination of the cross components was accompanied by only 
minor decreases in pesk power and ufner veriationg In the field patterns 
of the E plane polarized components, the parellei plane filter is con- 
sidered to be an excellent method of reducing or eliminating elliptical 
polarization. 
The Results of Varving Wavelength in the Field Pattern Jests 

The laterally radiating horn is not a frequency sensitive ra- 
dietor. See Figure XVI. This was demonstrated ty the results of vary- 
ing the frequency from 9383 mopa. to 6860 mcps. The expected phenomena 
oecurred, The half power beam width incrensed slightly due to a redue~ 
tion in aperture length mensured in wavelengths. The angle at which 
the first side lobe occurs increased and the magnitude of the first 
side lobe decreased, There wus no large alteration of the shape of 
either the mujor lobe or the first side lobes. Correlation of the re- 
sults in the side lobes beyond the flrst side lobe depends upon « knowl~ 
edgo of the variation cf the horn geometry from the ideal and a knowi- 


edge of the magnitudes of the higher mode fields, 
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A Compartson of the Laterelly Radiating Morn Field Patterns with and 
without a Persllel Plane Filver 

A check on the symmetry of the eszeably of horn and filter 
from the field patterns reveals that sremetry is good.” 

That the peak power of the main lobe is down 1.5 db. indi- 
cates that the fliter at this frequency is raflecting or dissipating 
gome of the energy. That higher ucde fields are being generated in 
the filter is evidenced the fact that the half power beam width is 
increased in the Z plane and the side lobes are mere prominent and at 
a higher level, See Figure XII. This particular point could be a 
field for further investigation, but the ragged side lobe pattern with 
high peak values indicates that not much could be gained from an at- 
tempt to improve the E plane pattern through the use of this fiiter 
alone. 

Computed Desizn Curves 

Although the design formulas were developed in this thesis, 
there was not enough time available to compute a full set of laterally 
radiating horn design curves because experimental verification of the 
theoretical field patterns was essential. Further investigation of the 
H plame half power beam widths, the H plane side iche level, the = plane 
half power beem widths, the peak level of cross polarization, and the 
ellipticity ef the fields in Fraunhofer space would be desirable, Plote 
of these quantities could be made as functiona of and G if the 
ellipticity is of interest, plots of this quantity could be made on the 
Saith ehart.\2*) some of the points could be verified experinentally. 


od The Hd plane polarization was practically e@limineted from the radiation 
fields. 
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A Cowperigon of the Field Fatterns of the Horm with and without ¢ 40 
Parallal Wire = Plame fliers. 
A check om the H plane polarised, E plane field pattera with 





and without E plane flare indicates thet syametry is good. 

It was considered that the addition of parallel wires in the 
& plane would cause currents to flow along the wires in the 5 plane and 
thus force more energy into the © plane polarisec fields. This was net 
measurable in the fleid petterma., Siace the center to canter spacing 
of the flare wires was 0.196% end the diameter of the Plare wires wes 
about 0.099% only about 1 per cent of the normally incident radiation 
should pease through the flared section for E plane polarized energy aad 
EH plane polarized energy should pass through omly slightly attenuated, \*7) 
However, since incidence of the energy on the sides of the flare is par~ 
ailel rather than normal, little energy of H plane polarization should 
pass through the flare wires and 1% will act as a pure flare section. 

If the wires were spaced farther apart, there would be larger lose of 
E plane polarized energy through the wires, wnd the wires would no 
lenger provide the results usually obteined ty Plaring with solid me- 
tallic stripa. 

In general, the addition of 1/8 inch brags reds spaced 0.635 om. 
on centers in the H plane and flared in the E plane at an angle of 49° 
resulted in the affect of adding pure flare te the horn. Actual in- 
provenents in symmetry resulted in the E plane fieid patterns, 

When £ plane flare was sdded « moderate increase in gein was 
realized and there wes en increase in H plane half power beam width. 

In the E plane the "side lobes" were severely attenuated go thut only 
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one lobe of any comsecuence wes left. That the half power bean width 
of the FE nlane fPicid pattern was increased by adding 40° & plane flare 
indicated that phase digtertion at the flare aperture te a problem, A 
gevies of experiments could be conducted similar to those of 

D. Re rnodes ‘24 im which Dlare was added and the fleid patterns neas- 
ured for verious lengths of flare in order to deterwine the optimwa 


flere angle and radius of flare, Thige could be dome for the laterally 





rediating hora, 

A Comuerison of the Fisld Patteras ef the Horn with 40° E Plane Vlare 
ond & Pavalie, Plane filter at the aperture and the Field Patjteras of 
ihe Homa with 40” E Plane Flare and No Filter at the aperture 

Frow the field patterns it cam be generalised that aymmetry 
wes good. The parallel plane filter was effective in elininating 
H plene poleriszation. 

Small variations in the E plane polarized, E plane field pat~ 
tern might result from higher mode generation im the filter. The © piane 
field pattern is sufficiently well formed that it could meet 33° naif 
power bean pattern specifications with extremely iow side lebe levels, 
whether the filter is employed or net. It may be concluded that the 
perallel plane fiiter does not meterinlly affect the © plane fieid pat- 
tern. 

Of particular interest ia the fact that the 221 db. side lobe 
level of the flared horn wag reduced 7 db, through the eddition of the 
parallel plane filter at the aperture. Even though there were miner in~ 
creases in the second side lobe levels, manipulation of the variahles 
4n the filter desisn might reduce both the first and second side lebes 
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t® & symmetrical -27 db. side lobe pattern. In the experimental process 
of nendipulating these varilabies, 14+ would os necessary to make Ispedmanes 
studies on tho horn 4s well as fisid patiorn studies, A theoretical 
analysis of the higher mode generaticn 4t the fliter may be peesible. 

W. D. Haves concluded that the appearance of higher order modes in « 
grating of large spacing was undesirable when the grating was employed 
ag oa bean forming reflector, (*” It was discovered that under the coa- 
Gitions of this experinent the appesrance of higner order modes at the 
widely spaced grating may be employed to improve the E plane polarized, 
H plane field pattern. 

The result of the investigation of the presence of higher or~ 
der modes might be thet the development of favorable higher modes may 
be dependent upon frequency in which case the firet side lobes would 
vary with frequency. 

The Specifications AuLiiled ty the Hora with 40° £ Plane Parellel 

Considering the field patterns for the horn with 40° 





EB pleme flare and « paraliel plene Tiiter im Pigures XKITI, XXIV, XX, 
end XXVI the following specifications have been met: 
1. A half power beam width of 4.5° im the HB plane, 
Ze A half power bean width of 31° in the & plene. 
3. A side lobe pettern in the © plane which has one side 
lobe at -19.2 and the other side lobe at -24 db. 
4. First side iobes in the If plane at -28 db, 
§. ‘Maximum second side lobe in the H plane at -24.6 db. 
6. Negligible ellipticity. 
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Zhe Effectiveness of the Paralisi) Vire Filter iu Attenuatiog the 
H Plane Polarized Fields 

The parallel wire filter caused only minor changes in the 
ZX plane field pattern, but it was aufficlentiy effective to reduce the 
i plene compoment 9 te 10 db. From apsauaptions mede in develeping the 
attenuation curves from parallel plane waveguide theory, the attenus- 
tion measured was a great desl more than the cowputed values. The par~ 
allel plane theory omits the scattering effect of the wires which is 
important, én empirical formula was developed by W, D. tay en 7) fron 
experimental evidence. ‘Thies formule gives uccurate results, Equation (9) 
yielded an attenuation of 9,86 db, when the parallel wire filter parameters 
were substituted. 

The followlag equation may be eupleyed to obtain the atbenua- 
tion of the H plane polarised component when a peralicl wire fiiter is 
used. 


Log t= 9.0917 A+12,6 o 7,06 (9) 


A Comparison of the Computed snd Meagured Values of the & Plane Field 
Fattem of the Hern with & Plane Faure 

An errer of 15 per cent exists between the meesured and com- 
puted vaiues of the half power been width in Pigure X21, Thie figure 
also Genonstrated thet a rough estimate of the beam pattern can be 
made by employing the pattern computation method given by Ecuetion (8). 
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Admittance Uhnsracteristics 
The Uncompengated Jiorn (Condition 1) 
Admittancee in the frequency range from 9266 to 8616 meps. 
(7.5 per cent band) were trensferred to the horn throat and plotted on 
e Gaith chart, See Figure XAXiI. 
investigation of the plot indicates that there is « frequency 
insensitive component of [ . It is concluded that this component, de 
noted i » is due to reflection at the throat. This nismatch appears 
to be inductive, which la to be expected for the H plane flare, 2 
0.0726. This compares with if = 0,03 measured by J, R. Riser‘??? for 
a horn with 30 degree H plane flare. [,' was then subtracted from the ad- 
mittances which were then transferred to the born aperture, See Figure ZXkVIi. 
The mechanical length of the hora is approximately 44 om. If the 
change of frequency required to cause a rotation on the Seith chart is con- 


sidered the virtual length of the horn is determined as 
¢ 8,4, 
(af) + my, 


R= 
"°", 


ag = rotation around the Smith chart. 
Wy» Tp = the weveleagths of the two frequencies, assumed to be 
in free space. 

The meen of these computations indicates a virtual horn length 
of 51.9 cm, At a virtual length of 51.2 cm. the minimm epread of [, (at 
the aperture) was noted for a veriation in frequency. RB indicates thet 
the aperture admittence has a capacitive susceptance which is to be ex- 
pected, fe = 0.178 If the apertures is considered to be the same as 
TEM propagetion through two plane parallel plates spaced 1.02 om. theo- 
retical computations indicate he a 0.322, ” 
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Any component of reflection due to a mismatch at the 90° bend 
is not discernible from the data obtained, 

The Horn with Parallel Plane Filter, Ho £ Plane Flare (Condition 2) 

Admittances in the frequency range from 9349 to 8729 meps. 
were transferred to the horn throat and plotted on a Smith chart. See 
Figure XXXIII, 

f’ of the same order of magnitude as that for Condition 1 is 
observed. The aduittance plot follows the same contour except at the 
lower frequencies. The filter is in effect a cut-off wave guide for the 
H plane components of E. That it is effective in shorting out these com- 
ponents was apparent from the field pattern. 

The Horm with 40° EB Plane Flare Added, No Filter (Condition 3) 

Admittaneces in the frequency range 9343 to 8408 meps. (8.5 per 
ceat band) were transferred to the horn throat and plotted on a Smith 
chart, See Figure COOV, 

[- similar to Condition 1 was observed, 

The admittance plot indicates that there is a condition of 
resonance in the horn. The rates of rotation of A for different fre- 
quencies indicates a virtual horn length of 51 em. [, has been re- 
duced at the higher frequencies and increased at the low end of the 
band. For the length of E plane flare empleyed, 9.3 em. (~3\), it 
would be expected that the aperture is well matched to space, 2) 

The resonant element is probably to be found in the wire rods (spaced 
0.635 em. on centers) used to cbtain the E plane flere. It had been 
hoped that these rods would provide not only flare, but also would 


serve to eliminate the If plane polarization in the field pattern. 
Since this was not accomplished E plane flare could be obtained using 
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solid sheet. H plane polarization is best eliminated by enploying one 
of the mode filters, The horn dimensions could be adjusted to give the 
best impedance characteristica as is done with e compound horn. §49) 
The Horn with 40° E Plane Flare, Parallel Plene Filter (Condition 4), 
and with 40° E Plene Flare, Parallel Wire Filter (Condition 5) 

The admittance characteriatics for these conditions follow 


these of Condition 3. The filters appear to heave no adverse effects 


on the admittance cheractaristics. 
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VY GONCLUSIORS 
The Laterally radiating electromagnetic horn has a ra- 
diating ape ture in 2a plene surface andi the surface is 
formed along en arc of a circle, This plane surface is 
also a plone of constant phase, 
The E plane polarized, plane fields can be computed by 
means of a linear equivalent source or a Fourler-Bessel 
series. 
The Fourier-Bessel series method can be employed to com- 
pute the fields in Fraunhofer space for all modes at the 
aperture. 
The addition of E plene flare to the laterally radiating 
electromagnetic horn will result in increased gain, but 
the E plane half power bewn width may increase, 
The addition of a puraliel plane filter will eliminate 
undesirable H plane polarization. 
The addition of the parallel plane filter can reduce the 
first side lobe level in the H plane field pattern. 
The parallel wire filter is also effective in attenuating 
H plane polarization. This «attenuation may be approxi- 
mated by an empirical formula. 
When the frequency is decreased the E plane polarized 
H plane field pattern increases in half power beam width 
slowly, increases in angle at which the first side lobe 
eccurs, and reduces in the megnitude of the first side 


lobe. The general contour of the beam pattern is unchenged, 
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The main lobe of the uncompensated laterally radiating 
electromagnetic horn is linearly polerized in the FE plane, 
and right elliptically polarized to the right of the 

E plane, and left elliptically polarized to the left of 
the hk plane. 

The mismatch of the uncompensated horn at the throat ap- 
years to have components due to lumped sdmittances at 

the hom throat and aperture, The throat component can 
probably be eliminsted by rounding the transition at the 
beginning of EH plane flare. 

The mismetch at the aperture may be reduced by employing 
BE plene flare which is also desirable in terms of the 
field pattern, The use of wire rods to obtein this flare 
apparently causes a resonance in the admittance charac- 
teristics, Since these rode are not succesaful in elim- 
inating H plane polarisation a sheet © plane flere sheuld 
be used. Por best eduittance churacterigtics the hern 
should be designed as a commound horn with eencelling re- 
flectione over the band desired. 

the use of mode filiters at the aperture to eliminate 

H plane peleriszation does not have sny characteristics 
which affect adversely the admittance characteristics, 
When designing the horn their effect over the frequency 
band should be determined end censidered ag a means of 


minimizing . 


h 








eh Enleredy etynaepanm 24 ly pics alew el 2 
Ree £8 B00 nkey CORN DAS Mone Adrenytocnsence 
ie ech eatiieel 
ll alll SI alta _ 
te ee a 
cual" BD r mm 












& 


Vi RECOMMINDATIONS 





The following recommendations are presented: 


1. 


Re 


Be 


he 


& complete set of design graphs could be made of main 
lobe half power bean widths, first side lobe magnitudes 
and angles et which they oceur, the amplitude of the 
"eross polarization" lobes in the H plane, the E plane 
half power beam pattern, and ellipticity patterns for the 
uncompensated lateraliy rediating horn. The Fourler~ 
Bessel series method of computation could be employed, 

in experimental investigation of the affect of various 

E plane flare angles and lengths of flare on the E plane 
field patterns could be conducted, 

A thorough investigation of the affect of varying the 
filter parameters on the field patterns and the imredance 
characteristics of the horn should be made. It should be 
determined whether the higher order modes forzed in the 
filter are sensitive to changes in frequency. 

An investigetion over a larger band of frequencies, per- 
haps £0 per cent, could be conducted to determine what 
positions of beginning of E and H plane fisres, bend, and 


mode filter gives the best impedance characteristics. 
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\PPENDIX, SECTION 4 
ILLUSTRATIONS 
Tithe 
Laterally Radiating Electromagnetic Horn, Design Type 4. 
General Coordinate Systen. 
Coordinates for H Plane Sectoral Horn. 
Linear Equivalent Source Geometry. 
Laterally Radiating Hlectromagnetic Horn, Design Type B. 
Block Diagram of the Pen Positioning Systen. 
Block Diagram of the Field Pattern Measurement Appersie- 
Exverimentally Determined Optimum Dimensions for Rectanguler 
Horn antennas. 
The Geometry Employed in the Solution for the EB Plane Array 
Factor. 
Description of Filters. 
Recomuended Bend Cross Section Design. 
E Plane Polarized, li Plane Field Pattern of the Laterally 
Radiating Horn with and without Parallel Plane Filter. 
H Plane Polarized, & Plane Field Pattern of the Laterally 
Radiating Horn with and without Parallel Plane Filter. 
E Plane Polerized, E Plane Field Pattern of the Laterally 
Radiating Horn with and without Parallel Flane Filter. 
H Plane Polarized, H Plane Field Pattern of the Laterally 
Radiating Horn with and without Parallel Plane Filter. 
E Plane Polarized, H Plane Field Pattern of the Laterally 


Radiating Horn for k = 3,2 om. and A = 3.382 en. 
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title 
Computed and Measured Values of the # Plune Polarised, 
il Plane Field Pattern of tae Laterally Radiating Hern, 
Computed and Measured Values of the E Plane Polarized, 
H Plane Field Pattern of the Laterally Radiating Horn, 
E Plane Polarized, H Piane Field Pattern of the Laterally 
Rediating Korn with and without 40° E Piaae Flere. 
H Plane Polarised, KE Plane Field Pattern of the Laterally 
Radiating Horn with and without 40° E Plane Flare. 
E Plane Polarised, = Plane Field Pattern for the Lateralily 
Rediating Horn with and without 40° E Plene Plare. 
H Plane Polerized, E Plane Field Pattern for the Laterally 
Radiating Hern with and without 40° E Flane Flare. 
EB Plane Polarised, H Plane field Pettern for the Laterally 
Radiating Horn (with 40° E Plane Plare) with end without the 
Parallel Plane Filter, 
E Plane Polarized, E Plene Field Pattern for the Laterally 
Radiating Horn (ith 40° Z Plane Flare) with and without the 
Parallel Plane Filter. 
H Plane Pelarised, E Plane Field Pattern for the Leterally 
Radiating Horn (with 40° EB Plane Flere) with and without the 
Parellel Plane Filter. 
li Plane Polarized, H Plane Field Pattern x for the Laterally 
Radiating Horn (with 40° B Plane Flare) with end without the 
Parallel Plene Filter. 
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Title 
H Plene Polarized, H Plane Field Pattern of tne Laterally 
Radiating Horn (with 40° B Plans Flare) with end without a 
Parallel Wire Filter. 
Plot of the Lilipticity of the Laterally Radiating Electro- 
mapretic Horn fer Positive 0 and Right Elliptical Polarization, 
Plot of the Bllipticity of the Leterally Radiating Electro- 
megnetic Horn for Negative 9 and Left Elliptical Polarization. 
Comparison of Meusured and Computed Velues of Ee in the 
E Plane 
A Comparison of Measured and Computed Values of i. in the 
E Plane for the Laterally Radiating Electromagnetic Horn with 
40° © Plane Flare. 
Admittences of the Uncompensated liorn, (Condition 1), for Dif- 
ferent Frequency. 
Admittances of the Horn with Plane Parallel Plate Filter, No 
E Plane Flere, (Condition 2), for Different Frequency, Trans- 
ferred to the Throat. 
Admittances of the Horn with # Plane Flare, No Filter, 
(Condition 4), for Different Frequency, Transferred to the 
Throat. 
Admittances of the Horn with E Plene Flare, Plane Parallel 
Filter, (Condition 4), for Different Prequency, Transferred 
to the Throat. 
Admittances of the iiorn with E Plane Flare, Parwllel Wire 
Filter, (Condition 5), for Different Frequency, Transferred 


to the Throat. 
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Title 

Admittance Components at the Horn Aperture for the Uncom- 

pensated Horn, (Condition 1), for Different Frequency, 

Transferred to the Aperture from the Throat. 

Photograph of the Laterally Radiating Horn on the Turntable. 

Photograph of the Laterally Rudiating Horn (with 40° E Plane 


Flare) on the Turntable. 
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Fig. XXXIX 
The Laterally Radiating 
Horn with 40° Plane Flare) 
on the Turntable. 
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Fig. XXXVIII 
The Laterally Radiating 
Horn on the Turntable. 
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APPENDIX, SECTION B 





S OF PROCEOURE 
The Fraunhofer Diffraction Theory applied to the Laterally Redisting 
Electromsgnevic hom 

In order to determine analyticaliy the performance of the horn, 
the first step is to develop the integral field squations applicable to 
the Fraunhofer region of space. These ecuations huve heen developed 27) 


end will be integrated to obtain the radiation pattern of the horn. The 


coordinate system is given in Figure II. 


~JjxR 
Eg - dk (1+6 Wis e)|a, Gos J+H, Sin g | (A-1) 
~jkit 


Bg = 7" on ( Cos ora VE)la, Sin 9-N, Gos s | (A~z) 


Where @ is defined by the relationship, 


y= a(S x E) {A-3) 
and 
-_ ic ,Jk(x Sin 6 Cos S+y Sin @ Sin ), (4-4) 
S 
4, = Sa, ,ik(x Sin © Cos P+y Sin Sin 9), . (4-5) 
& 


In order to integrate the field exoressions it is necessary 
to make a valid assumption of the fields existing at the aperture of 
the horn. Consider the laterally redlating electromagnetic horn as ax 
H plane flered sectoral horn with a gradual & plane bend of low curva- 
ture as iliustrated in Figure I. The fields in the sectoral horn 32) 


for the geometry in Figure III are given by: 
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AOL (1 expt of DedenrentlL we end 
a i oe TET purptt at (edweoeg aid col. 


_ Cos #9 || (2) n gt) 
B= A =~ |(H'’ (er) + C,H (kr) (A-6) 

J ? elle “Gel. 

r  «2re s jam AG, iz KE i (x) a i 

kA. i t 
1 Cos we /}..(2) . ’ 
« he Eo ta“! (Cer) +e, aS“? (xr) (4-8) 
Hy = Jay Al x 2 . | 
) 
° 


4g) (er) and x6) (kr) are Hankel functions of the first and sec- 
ond kinds respectively. Because only large flare angles and large radii 
will be employed in this investigation the esymptotic expressions for the 


Henkel functions may be exployed. 


2 . e 
= (kr ~- (23 +1)7) 
i) (ier) =e -| e r (4-9) 


aa 
eh & => e _-jlkr-{eatldjay ‘3 
at ) (cr) =f] pd ter fen tu) (A-10) 


Equations (A-9) and (A-10) indicate that the equiphase surfaces 
are separated by free spece wavelength near the aperture. Considering 
only the solution of the wave traveling in the positive r direction, the 


fieldz at a fixed radius, ae froaz the origia in Figure III become: 


i, = Ay aa (xr) (A-11) 
29 
1) 
< S4 (2) 
i. = BO oa "Gs R 2 \ Fo ) (A~12) 
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KA a 
_ 2 Cosfr@ |,.(2) : 
a, * fu Fe ji ar) (4-23) 
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csr 


Because the laterally rediating electromagnetic horn design in 
Figure I has a constant mean path length between the origin and any point 
on the aperture, the eperture cun be considered to be a surface of can~ 
atant phase with a distance ostween constant phase surfaces in the tray- 
eling wave of free space wavelength. These constant chase surfaces lie 
in a plane, but the surface is fixed by geometry as an are of a circle, 
Consider the aperture arc in the coordinate system in Figure II. " da 
Figure III becomes E. in Figure Ily H. in Figure III becomes H_ in 
Figure IIs and Hy in Figure III becoues Hy in Figure If. The field ex- 


pressions near the aperture become: 


B= A, (Pe (ier) (s-24) 
g 
_F - 2 
i= oo Acar (kr) (A-15) 
1?) oO  @ g . 
; g. os/mB) (2) 
51 NS ME ey a 
© 


At moderately iarge values of ro 
¢ 
(2) . (2) 
~j H . * H a (A~17) 


and approximately free space wave inpedence exists at the aperture. The 


field components which lie in the aperture plane can now be written aa: 


Cos 
B= 3B ” (a-18) 


& 
ily \fe i. (4-19) 





re 
Where: 


B, = A, ‘8 (ar) (4-20) 
From Equation (4-18) the values of the x and y components of the 


electric field intensitiss can be written. 


E =8 nos Cos 9 (A-21) 


Sx i 
By 08H sin g (4-22) 
@) 


Higher order Hi modes may exist ut the aperture, but these will 
be considered later. 
The Linear Equivalent Source Method of Determining the E Plane Polarized, 
H Plane Field Pattern 

Because this pattern is of primary interest and because this 
method of approach yleids simple expressions for the field patterns, the 
linear equivalent source method will be presented first. The geometry of 
this linear equivalent source is given in Figure IV. The assumed flelds 


in this linear equivalent source are the fields projected from the arc to 


the line, 
07% 2) (A~23) 
(o 
z= B, nose) we ee ) (A~24) 
By = 3, "2 Sin - {A-25) 


K may now be computed by first substituting dquation (4-24) 
into Equation (A-4) 


kx Sin 9 Cos jk ySin9 Gin 
~ “ows Boy e? pik Pb fy 


a 5. *Y 2, 


Vo 


(A-26) 


after integrating Equation (A-26) beconea: 
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B, 23 &x , —S - . 
i. = ax jk Sin @ Gos p| , 
9 | <j 
(7 +f) ee ) 
A Sin ¢ Sin @ =d, ——w——— + k Sin g fin ty, 
——— . fe _ Stal y+ & staf ein hy, 
(7 +9.) Sota 
1 -k Sin 9 8 In —*- + k Sin f Sin oy, 
| (w-Z ) Q) 
sin Oe k Sin f Sin of, * a Sin g sn oy, 
Se ee EEE 


{pen Sin @ Sin | y {ta sin § analy, 


Vo © 
(A~27) 
In the H plane g = 2 
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B Ax y sta} poe Sin @ Yo stnf Eo cin 9 Yo 
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{A-28) 
Equation (A-28) will give highly accurate values for the half 
power beam widths, and moderately accurate results for the peak power 
densities of the first side lobes and ths angles at which the side lobes 


occur, 
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Linear equivalent source metacds used in computing the other 
three principel patterns in the H and E planes are highly inaccurate. 
If the fields are aasumed to be projected directiy without any fectors 
which take into sccount the curvature of the physical source and the ef- 
fect of equivalent ares variations with curvature, then the integrals 
Will result in functions which have the sams symmetry, but erroneous 


relative magnitudes. 
The Array Feetor Applied to the Antenna, Type B 


+9 f * ai j 
. = j © Cos af dos of etskray Sin 0 Sin gr wt (A~29) 
4, 0 
When § = 4, rv. Sin ft = y (A~30) 


ia substituted in Equation (A-29), it becomes: 


+y z 
r= j CS a-2% oY yy (4-31) 
“Vo aY 
Where 
a= jk Sin 9 (A+32) 


shis shengesa the variable of integration to an integration with respect 


toy. (Straight line equivalent). 
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For the dimensions of the horn this reduces ter 











Sin (ky. Sin 9) Gos (ky. Sin 9) 
Y = + 0.000728 ed ~ 0,038 — : (A-35) 
Sino Sin“ 


ihe Fourier~Besse) Series Nethod of Field Patter Evaluation 

Converting Equetions (A~4) and A-5) inte en integration in the 
xy plane in plane polar coordinates by means of the relationships: 

x 2 rt Gos gt (&~35) 

y =r! Sin 9 (A~37) 
the diffraction integrals tecone 

H = r gJ® Sin @ rt Gos (J-") 14 pes ag (4-38) 
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Solving first for 1, we must substitute Bquation (A-21) inte 


Equation (A-38). 
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Integrating first vith respect to #! ean be accomplished employ- 
ing the expansion: 


+ © 
dur Cos (§~ 9") = > 7° J, (ur) ginld - 9°) (&--40) 
n= = OD 
er by the approximation 
; “yh 
cos (9) = 1-4E a (A~42) 


Either method ylelds extremely complicated formulas that cannot 
_ be integrated with respect to r! readily. 
However, Equation (4-39) may be integrated firat with respect 


to r!, 
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Lot 
M= k Cos (@-@') Sin @ (A~42) 


Integrate and evaluate limits, 
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As a@ second order approximation, lot 
| — : 
_ dior = 1+ jMbr , AiMbr) (4~46) 
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Substitute Eauetion (A-46) into Eoustion (A-45). After an elimination of 


terms of higher order than the third power of br, the etuation becomes: 
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Because MK appears in the terms which ere also w function of r, it is 
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necessary to resort to only s rirat order approximation to the field pat- 


(4-47) 
tern. Substituting Equation (4-42) into , 
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and the obvious trigonometric identity, we obtain 
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Because the limits on the integrals are symmetrical, the integrals having 
odd functions integrende will be zero, After integrating and evaluating 
limits, Equation (4-50) becomes: 
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imploying the identity 
| , n . 7 
J_, (kr, Sin 0) = (-) J (kr, Sin 9) (A~53) 


Equation (A~51) becomes 
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i, = 1”. ~ %. [ a(0,8,) I (er, Sin 9) + 
9.) 
4 * J (ery Sin 9) A(n,f) B(n,#) | (A-54) 
n=l 
where 
B(n,g) = 8 ofa (nym) g- ind (1-55) 


The computation of a by direct integration may alse be accom 
plished by substituting Equation (4-22) into Equation (A-38) and repeat— 


ing the steps from Equation (A~39) te Equation (A-50). 
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[sim(2 - F-)9" + Sin (1+ Fg [cos nt'— j Sin ad ag (A~56) 
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Because the limits on the integrals are symmetrical, the integrals having 
odd function integrands will be sero. After integrating and evaluating 
limits and employing the identity given in Equation (A-53), Bquetion (A~56) 


becomes 
Br, or @ 
— oS Tee | n f. 
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Sin (.-F- - by sin (1+F-- a) 0 
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——— i ee eT lt 
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end 


D(a) = 3% @iDP_(_ynj(-m) ,~J0 (4-59) 

Hand i, substituted in Equations (A~l) and (4-2) adequately 
express the fields for any point in Fraunhofer space. As a result of the 
approximation employed, these formulas are limited to the case when the 
aperture distance in the radial direction is smell in comparison to ths 
average radius of the aperture. However, we may apply ths continuous ar~ 
ray factor concept to the aperture to obtain a better approximation to 
the BE plane ficsids that wiil result when the E plane flare is added to 
the laterally radiating horn. 
Employing the Array Factor to Obtein the E Plame Fielda of 2 Large 

By symmetry and the Fourier-—Bessel series fleld equations ty 
is zero in the E plane. Consider the ficld from the differential radi- 
ating element in the aperture in Figure Ix to be given by the Fourier- 
Bessel field pettern equations. Let dr become 5x! and integrate in the 


x! direction. 
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dx! = or (A-61) 
the field expression becomes for g = 0° 
Sin(wAx! | Sin 9) 
By = % ds (A~62) 
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In this integration the area M was excluded and the area N was 
included although it was not physically in the aperture, However, in the 
majority of entenmas of this type errors due to this approximation are 
negligible because the fields in the ends of the aperture are very smsil 
in magnitude, 
The Fraunhofer Field Expressions for Hy . Modes at the Averture 
The radiation fields for modes of higher order than H 


10 
developed by employing am identical procedure ag that employed in the de- 


may be 


velopment of the Fourler-Bessel series method. Because of the narrow 
aperture dimensions, the = modes are attenuated before they reach the 


aperture from the bend. By symmetry the even ordered H modes cannot 


“ £,0 

exist et the eperture. The odd order i, 0 modes muy exist ky synmetry.. 
’ 

Through a similar analysis to thet preceeding this discussion, for the 


fields given by 


Eq = 3, Cos = Cos gt (A-63) 
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Eig = By Cos "se g" (A-64) 
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the diffraction integrals are given by 
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Ruployment of the Smith Chart te Plot Wlipticity in the K Plane 

In order to make use of the ellinticity of the uncompensated 
laterally radiating electromegnetic horn the H plane field pattern el- 
lipticity from @ = -5° to 9 = +5° is plotted on the Smith chart in 
Figures XXVIII and XXIX. The computed values were obtained fron 
Equations (6) and (7) and the measured values were obtained from the 
values on Figures KIX and XX and by assuming the phase relationships 
given by Equations (6) and (7) hold, The following conventions are en- 


ployed: 


- ar. t =, 
+ 0 ale thats 2 | ae a ae 


i” at 





ey | (nde ois ni ae x 


——- etn ante. easton tea 


» 





a 


Ll. All points having the same direction of retetien are 
plotted on one Smith Chart. 

2, OGireles of sonstent standing wave ratio are circles of 
constant . ratio. 

3. The angle at which the major axis of the ellipse is ori- 
ented with regpact to the Ry axis is half the plysical 
angie on the Gaith chart. 

The iethed of Computing E, in the E Blane for the Horn with 40° B Plane 
Hisre 

Equation (8) was employed. G(9) wes obtained from Pigure 10.12 
of Reference (36) which gave the velues for « 40° B plane sectoral horn 
with a length of 3A. E po 649) was taken from the values of the computed 
E plene field pattern given in Figure XkaT, 
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AOMITTANCE DATA 
Condition / a Uncempensated Horn. 
freg. VSWR nr Ag minima to space — shert circ. mimmn  retetion 
F266 2.30 3.2376 49.56 10.55 12.86 Jo.%u% 12-50 6.065 
9190 2.29 3.3699 ¢.66 9.82. {2.718 7.949 12.32% 0.17/66 
qi 53 2.00 3.2776 4.69 7. #9 11.87 72.700 2.21 © 0.203 a“ 
88978 "SS? 3.3715 5.00 8.99 44.42 9.02 “W.$2 0.130 probe de 4G aid go° H Plane Flare begins 
8870 165 3.3822 $00 8.89 N.39 9.12 WS8 ots —_ 
88S9 6S 3.3864 8 $.02 §.70 1.14 9.06 W.56 0.116 
8833 1.357 3.3963 S.06€ 8.48 /0.97 9.e6 H#.53 6.242 
88/2 1.43 3.4045 s.to 8.92 /0.62 & 90 H.94S 0.260 
8794 1375 3.4119 8 S.ir 7.86 10.45 8.44 May 0.248 
8783 1.3006 638.4157) St 7.70 /0.30 8.60 “15 06.268 
8763 1.26 3.4235 5./¢ 7.36 9.978 8.49 1.09 0.315 shert circuit 
8739 12aS 3.4329 48 7.03 g.58 8.43 il.o2 = 0.37 
87/6 1-21 3.94919 S20 Is .35 0.90 13.50 0.432 
8678 1.25 3.449) $.22 2.84 H.4S /0.90 13.97 6. $86 Schematic of Measuring E quiprnent 
8470 “4338S 3.4602 5.25 8.39 11.03 81S /0.7 1 0.0¢4 
8649 /. $1 3.9686 $.27 9.07 /0.76 9. 03 10.68 6.086 
9627 1.50 3.9175 S.%B 7.83 (0.48 7-495 JoSFY  o.tt2 
B6'G 1.58 3.4818 5.34 7.70 0. 90 7.90 10.58 06.123 Note: 
“a” = 3.3 ¢m . 
/. Alf freguéncies are mega.cycles , all distances 
Cond, ty L/ th PI Arraile/ Eilte centimeters. 
onditionZ - Horn wi ane ralle ih ter - 
No Flare / 2. “a” 4s the distonce trom the short cuecust 
to the Flange. 
7349 2.00 3.2089 4.98 9.04 fH. 36 }o.47 ©. 47! x Pa: 
9332 2.00 3.21:¢8 4.52 §.94 11.46 jo. 40 0.480 3, Rotation signities the Smith Chart rotation 
9286 2.00 3.2306 436 8.49 /0.73 10.25 0.039 toward the Toad to be used for pletting 
7219 2.00 3.2942 9.64 7.72 /o.09 /6.04 0.127 admittance s. 
9/78 }.90 3.3687 4.70 7.37 q.75 9.91 0.167 
91491 /-R0 3.2819 4.74 7 -Fo H.73 9.380 6.214 
G0o9S = .57 3.2985 9.80 8.91 hws 9-65 ©.279 
9063 1.4 3.31/02 #82 6.47 je.87 9.54 0.347 
9013 /.38 3.328 4.86 7. 89 je.30 9-37 0.4239 
€976 389.37 3.3422 $94 q. 82 12.23 9.24 &.49) 
8950 /.40 3.3520 494 9.54 12.00 G15 0-036 
8922 =| -42 3.3625 4.96 9-18 H.6S 9.05 0.086 
88968 = ..45 3.3715 $.00 8.95 11.40 8.95 6-110 
6878 /.42 3.379) §.0! 8.72. 622 8.89 0-423 
88S2 /.38 3.389) 24 8.59 10.9) 8.78 6.14S 
8809 12s 3.4056 $12 8.10 je.58 8.6! ©.20} 
8787 hs 39/142 5.14 10.28 12 82 11.09 0-164 
8772 /.40 3.9199 35.18 7.52 /o. oS 4G 0.291 
87%5 }05 3.9227 $18 997 12.40 = a}.02 0-33) 
8742 = pos 3.9317 $22 q.41 11.85 = 10.94 0.F21 
8729 1.08 3.9376 S22 4.98 1.53 0.90 0.474 


*a”" © 3.3 cm. 
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APPENDIX, SECTION D 
SAMPLE CALCULATIONS 
sample Calouletions of the iinsar Equivalent jource Kethed of Computdng 
the E Plsne Polarized, H Plane Pisid Pattern 
Formula (2) is applieable, 











jk Pee Ge Cos @) Bx Pp sin [ey Sin o| 
, . [EID w, wn 
Sin [ae sag Sin in 9) ale - -ky Sin 4 
(r+) | (w-9.) 
2 +, vin o| [ ‘2 ~ ky, Sin 2| 
‘ din [ dat +i sin o| 





[ ae? ay Sin al 





" Z an J 
Let P= 5} ley = 37-7 meg KH 362 Cres Ky =A TL Sin 50 
Table I 
Linear Equivalent Source bample Calculation 
9 A 3B Co D Bs F 
Degrees ky Sin G (7+) ~A (7t+@)+A Sin B Bin 6 (x~g - 
’ 4 2 C 
Z 2 2 
*) 0 2.3562 253562 0.3000 0.3000 0.7854 
1 1.087 162692 = 35e4A9 = 0075RO = 00854, ~0. 3016 
2 2eL75 0 a 1S12 hoe S3l1< f) «9945 =) 2 eL7 dL & 3896 
3 30260 -0.9035 5.6162 0,8695 -0,2122 -2,4746 
4 4e340 = ~1..984 6.6963 0.4610 0.0604 -3.5550 
& 5,420  ~3.064 7.7760 0.0245 06,1281 -4.5350 






G WIT ae ATONE Te 
MCLEOD BLTHAL 
A 2a Anata sane temeiagll smal et. 18 ssabiniania) siemd 





9 G H I J K 
— (7 -%,) Li $ =* ar G D+E+H+G E, in db. 
: | —_ 
6) 0.7854 0.9000 0.9050 2400 0,00 
1 1,8724 0.9850 0.5120 #2163 -~ 0.9 
2 249604 0.7077 G.0610 1.646 ~ 3,26 
3 4.0454 0.4900 ~0.1936 1.0548 - 7,12 
4 5.1250 1125 0.1785 O.1096  +-26.84 
5 6.2050 ~0.2170 ~O.0125 0.057 ~32 48 


Variations in the term (1+Cos 9) are considered to be negligible in thie 
range. A plot of E. is glven on Figure XVII.” 
Zhe Fourler-Bessei Series Hetnod of Computing the & Plane Polarized, 
H Plene Field Pavtern 

In order to determine the H plene field pettera, let #=% in 
Formile (6), and the resultant equation becomes: 


— 


—- % , es a 
B, = By = TEA BEBE (3+ cos 0)(A(0,2) J (er, Sin 9) + 


GO 
‘ > F,bier, Sin @) A(n,d) a(n) | 
n=l 


The argument ef the Bessel function can be computed. For this antenna 


= = = 7: 
kr) , 17 - ciel Ve 


The first step is to make a table of A(a,¥,) and B(n,@). 
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* tn order to simplify the caleulatione of Sin x terms Reference (10) 
may be eaployed. x 
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Table II 


' ~~. 
Yaluag of A(nyZ) for g, = Z and m=O, ~ 1, - ey ***, 


sw Brrr & Sw (Z- 11] £ Sin £ Zwei) & sin (Bw ] B A(w,2) 
vy) mere “ceweig ere ewe _ 
o| 0.2984 0.2984 0.9000 0.9000 243968 
a) 6 0.6360 0.6360 1.0000 242720 
4-0,1800 0.9000 0.2984 0.9000 1,9184 
ZH0.2118 1.0000 Q 0.6360 LAZAR 
240.1283 0.9000 0.1800 0.2984 9.8900 
~4 0.1000 0.6360 -.22118 0 0.4240 
< 0.2984 -0.1283 0.1800 0.0900 


The table of B(n,@) mey also be sonstructed, This table will epply 
any antennae design. 


Table Ili ee 
Values of B(n,@) for @ = 0, @ = #2, and n = -1, -2, -3,-06, 


n= Bn) g=0 g= wn B(n,g) d=0 gah 
1024 Cos 9 24 0 +4 +2) Cos 2 Z 
+2 -~2 Cos R 2 "5 42j@e5f 23 0O 
+3 ~+2j Cos 3 ~2j 0 76 -23 cose -2 2 


Table IV 


Computation of E for the i Plane Field Pattern (Use Equation (7)) 


Jon, S~ 0) J (Kn, Siw @) Jy 459) JK 1,5) 


ACG) — AR) Bay B) Ay) OAR) ACHR, KR) FX db, 


+4.7936 0 ° Q +4.7935 0.00 
42.9900 +41.,3480 +0,0221 0 44,3601 ~-0.79 
~0.3260 +3.4650 40.2760 40,0017 +3.4174 ~2.93 


» - © © 


The EY H plene pattern field is plotted on Figure XVII. 
The Fourler~Bessel Series Method of Computing the H Piene Polarised 
H Plane Field Putters 
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Let g = # in Equation (6), a. = 2 in the equation for C(nyf,) 


: ; “ 4d ¥ 
end construct a table fer values of G(a,5) 


Table ¥ 


Values of C(n,£) for n = 0, “2, “2, “3, «+ 


ba] 


9 
* 
t2 


=3 


eable to all antennas, 


Table of D(n,f) for 9 = 0, 9 = 


3 


Ww bw 


C(n,) 


Se) 
40.278 
40.476 
40.4575 


Ww 
Ca) 


40.559 
HO hed 
+0 090 


Next a table of D(n,#) is constructed, ‘This table is appli- 


B(n,9) 


«2 Sin g 
~24{Sin 29 
+2 Sin 32 


Table YI 
£ 
at 
G=0 gp =f a 
Q me 4, 
) 0 5 
0 ~é 6 


and ui > Ly Re 3, ees, 


D(n,@) 
+23 Sin 4g 
~2 Sin 
-~2j Sin 6 


Evaluating Equation (6) the following table results. 


Table VIL 


g=0 gat 
0 0 
0 “ee 
9 0 


Computation of B, in the li Plane Field Pattern (@ = 4 in Equation (6}) 


0 


8) 


Ww A FF OO 


J, (KA, 5iv @) 
(4) DO) 
+0 .0000 
+0. 5610 
#025390 
+0 ,0051 


J,(K2,Siv @) 
C (3, %) 06,3) 
49 .Q000 
45 0888 
+0,5179 
+0,.9650 


J, (Av Sew 9) 
CE ¥) 064) 
#0 ,0Q000 
+0 .0014 
+0.0354 

+) 21690 


) 


49 ,00000 
+0,60512 
+1 0824 
+1 ,0053 


db, 


-~ © 

~L7 »32 
“L293 
“13.78 


(hea) a0? watzmrre wat ot P= 8 (0) metruuge ut 2 = % ol 


yh ht RR eee 99 ai 9 rent te 
Sand Galt Saar 
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\ ather 
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ine Fourier-Bessel Series Metuod of Comouting the E Plane Polarised 
E Plane Field Pattern 


Substitute 7 = o° ana g, = % in Equation (6). The h(a, ) 





end the B(n,0) tables have already been computed. 


Table VIII 


in the E plane 
J, (KA Sin 9g) J, (kA, 5106) J, a, Sv @) (e ] 
A(%,%) B20) #4%)B4,2) —A(6, BH) BG, 9) he ee 


Computation of the Real Part of 
Jp (KA, HO) 


o° A(% &) 


0 +£,47936 0,9000 0.0900 0.0000 +4,07936 

a +2,9900 ~1 63491 +0 0220 0.0000 +1,6613 

2 40.3260 ~3.4534 40.2760 ~2 0017 ~2< 8630 

3 ~149280 ~3.1071 +0 £9030 ~0.0141 ~4 21762 
Table IX 

Computation of the Imaginary Part of E. in the E Plane 

2: eee ee Ae: =. 

0 0.0000 0.0000 0.0000 9.0000 

1 +4,,6830 -0 2195 +0,00136 +h LOkg 

R 4424254, -~1 42758 40.0354 +3,1550 

3 +0 0429 ~A4 3881 +0 ,18'95 £94550 
table X 


Computation of the Magnitude and Phase of FE 


e) 
3° aay / EB. in crenental cource Array 
db. Factor 
407936 0 0.00 1.00 
1 427000 69.6 ~0.05 1.00~ 
x 4.6800 L320 -0.16 1,00- 
3 ha 1000 x07 * 3 ~Q oD L 200—~ 


These values are plotied on Figure XX, 


in the E Plane for Constant R 
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